11.4 A Review of Chemical Sprays in Cooperative Rangeland Control

Programs
NOTE: Acephate is no longer approved by

R. Nelson Foster and Jerome Onsager EPA for rangeland grasshopper control.

The chemical sprays used against rangeland grasshopferSprays of these compounds were also developed at the
today and the current cooperative rangeland grasshopsame time. In addition to being extremely effective, they
management program are both results of an evolving were much cheaper than baits. Sprays of chlordane, tox-
solution to an age-old problem. That problem is one of aphene, and aldrin first were used in grasshopper control
how best to control or suppress damaging populations pfograms in 1947, 1948, and 1950, respectively (Parker
grasshoppers over widespread areas. The following 1952).

chapter will review the history and evolution of chemical

sprays in rangeland grasshopper control to the present4. Organized, large-scale programs to control rangeland

day. grasshoppers were started. In 1949, a cooperative pro-
_ gram provided for the aerial treatment of toxaphene and
History chlordane baits to 40,000 acres in Wyoming. Within

2 years, the cooperative program had switched to aldrin
In the United States, the history of grasshopper controlsgray (Pfadt and Hardy 1987).
interwoven with that of the Mormon cricket. Control was
conducted primarily to protect crops, but rangeland als®. In 1952, several State departments of agriculture and
was treated to save forage and prevent insect migratioriite U.S. Department of Agriculture (USDA) formed an
nearby cropland. During the first half of the 20th cen- agreement through a memorandum of understanding that
tury, control relied almost exclusively on poison baits. the cooperative grasshopper control programs would be
Although sprays such as paris green and sodium arsentggerved for rangeland. Because of the low cost of the
were used, these compounds fell from favor because tiélorinated hydrocarbons, treatment for crop protection
poisoned vegetation endangered livestock (Parker 1952puld be borne by the private sector. In the past, govern-
Both State and Federal assistance were provided for org&nt involvement in the form of direct financial aid had
nizing and financing control efforts, particularly during been available for treatment to both crop and rangeland.
outbreak years. The federally sponsored cooperative grasshopper control
program was now focused only on rangeland, both
In the late 1940’s and early 1950's, several major deveprivate and public (Dick S. Jackson, personal
opments occurred that significantly changed the way communication).
grasshoppers were controlled.
The acceptance of these new chlorinated hydrocarbon
1. Perhaps the most important was the development ofcompounds was short lived. Almost as quickly as they
the chlorinated hydrocarbon insecticides. They were appeared for control of rangeland grasshoppers, their use
extremely effective in small amounts against grasshop-was discontinued. One of the initially attractive features
pers. They could easily be formulated into baits, actedof the chlorinated hydrocarbons, that of longevity, began
quickly, and had a longer residual effect than previouslyo be recognized as a problem. The compounds began to
used baits. Because of these qualities, chlordane and accumulate in the food chain and thus posed a threat to
toxaphene in 1949 and aldrin in 1951 quickly replaced not only the pests they were designed for but to nontarget
previous baits (Parker 1952). organisms also. In 1962, Dieldrin, which had been used
in cooperative rangeland grasshopper spray programs in
2. Large-scale (thousands of acres) aerial application 01960-62, was discontinued for use, along with other
bait became more commonplace. Compared to older vadorinated hydrocarbons (Dick S. Jackson, personal
baits, the new compounds could be formulated dry,  communication).
which made distribution easier. In Montana and
Wyoming during 1949-50, aerial application of chlor- In 1962, carbaryl in the form of the Se¥i80 S spray
dane and toxaphene baits were the major tools used formulation became available for use in the cooperative
against grasshoppers (Parker 1952). rangeland grasshopper programs. It was used on about
4,000 to 36,000 acres of rangeland annually from 1962
through 1967 (Foster et al. 1983). However, during this
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time, control was not as high or as consistent as that prneremises, poultry ranges, stored grains, and in homes and
viously expected of the chlorinated hydrocarbons, and gardens.
compatibility problems between the spray and aerial
spraying systems were commonplace. The toxicity of chemicals is measured in relative terms
by determining the amount of active ingredient (Al) (in
In the early 1960’s, ultralow-volume (ULV) applica- weight) that will kill 50 percent of a test group of labora-
tion—defined as less than 0.5 gal/acre (Maas 1971)—weasy animals. This concept is referred to as the “acute
refined for grasshopper control in the United States. Byral LD, (lethal dose).” The L[} of malathion technical
1964, Malathion ULV Concentrate had become the mostaterial on white albino rats is 1,375 mg per kg of the
frequently applied chemical spray for controlling grass-rats’ body weight. This figure marks malathion as mod-
hoppers on cooperative rangeland programs. erately toxic to mammals. Malathion exhibits slight to
moderate toxicity to birds and moderate to high toxicity
By 1972, the formulation of carbaryl had been greatly to some fish species and other aquatic organisms. It is
improved and the Sevin 4-®iformulation replaced the highly toxic to most insects, including bees and all
80 S formulation as a recommended treatment in the species of grasshoppers.
rangeland grasshopper programs.
While several formulations of the pesticide are available,
From 1979 through 1982, research led to the develop- only the formulations of Cythion® ULV, Fyfanén
ment of formulations of acephate sprays for use againstLV, and Malathion ULV Concentrate have been used
grasshoppers. Acephate in the form of the Orthene  USDA/APHIS-managed cooperative programs.
75 S formulation was adopted as an option for controlling
grasshoppers in the cooperative programs in 1982. Hoker controlling grasshoppers on rangeland, malathion is
ever, it has been rarely used in the control programs totypically sprayed at 8 fluid oz/acre. The per-acre dose of
date. Compared to carbaryl and malathion, the mixing active ingredient at the application rate ranges from
required for acephate made it less desirable. 0.58 Ib to 0.61 Ib, depending on the concentration of
malathion in the particular formulation used.
Through the 1980’s, malathion was the most frequently
used spray for large-scale cooperative programs. AddiMalathion provides control through both direct contact
tional improvements in the formulation of carbaryl haveand ingestion, although when these types of mortalities
increased its use so that today it is used almost as fre- are separated in experiments, ingestion results in a greater
guently as malathion in large-scale programs against percentage of mortality (Pfadt et al. 1970).
grasshoppers in the United States.
Malathion is relatively nonpersistent in soil, water,
The three chemical sprays currently approved by plants, and animals. Residual activity (control) against
USDA'’s Animal and Plant Health Inspection Service  grasshoppers can be seen for 2 to 5 days after treatment.
(APHIS) for use on large-scale rangeland grasshopper Malathion is quick acting, usually producing high levels
control programs are acephate, malathion, and carbarybf control during the first and second days following
application. When treatment occurs during good
Malathion conditions for application, control can range from
92 to 96 percent.
Malathion is the common name for the 0,0-dimethyl
phosphorodithioate ester of diethyl mercaptosuccinate.Malathion should be used during warm and dry condi-
is a broad-spectrum organic phosphate insecticide—acatiens. The air temperature for the expected daytime high
cide developed by American Cyanamid in 1950. should be higher than 8%, and rain should not be pre-
Malathion is registered for control of a wide variety of dicted for the day of treatment. With lower temperatures,
insects on beef cattle, sheep, goats, swine, grain, fruit dhel grasshoppers may feed less and be less likely to move
vegetable crops, forests, rangeland, pastures, agricultuiaio direct contact with spray droplets. Rain soon after
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an application can reduce mortality dramatically. Fostefhe Sevin 4-Oil and Sevin 4-Oil ULV formulations of
et al. (1981) discovered rain-related mortality rates as loarbaryl have been used by the USDA/APHIS-managed
as 33 percent. cooperative programs. For controlling grasshoppers on
rangeland, it is typically sprayed at 15 to 20 fluid oz/acre
An area of several thousand acres typically contains at 0.375 Ib Al to 0.5 Ib Al. Control is provided through
grasshoppers of as many as 40 different species. Becdumgh contact and ingestion, although when the types of
of the short residual activity of malathion, it is generallymortalities are separated in experiments, ingestion pro-
selected for use later in the season when the majority ofides the majority of the mortality (Lloyd et al. 1974).
the grasshopper species in an area to be treated have
hatched. As a result, the earlier hatching species oftenCarbaryl is relatively nonpersistent in the environment.
have reached adulthood when the applications occur. lits residual activity against grasshoppers lasts for 14 to
these cases, the overall average age of the population 21 days. Carbaryl is slower acting than malathion or
could typically be fourth instar to adult. acephate. Depending on conditions, mortality during the
first 2 days after treatment may range from 30 to 80 per-
Waiting to treat a population until it is mostly made up afent. Under good application conditions, mortality may
adults is not a problem unless the grasshoppers have reach 90 percent. However, mortalities ranging from
started to mate and lay eggs. But once grasshoppers v 99 percent have been recorded in experiments with
reached the adult stage, by definition, forage loss in theexcellent application conditions.
area of treatment has taken place.
Carbaryl can be used over a broader range of general cli-
On small areas, such as “hot-spots,” where only a few matic conditions than malathion or acephate. Although
species may be predicted to occur or in a large area wleandaryl performs well at temperatures in the 60480
only early season species are expected to be the probleamge, it kills slower at lower temperatures. This trait
an earlier treatment of malathion targeted to third instanmay not be as bad as it seems. Under cooler conditions,
could be preferable. In outbreak years, when economiboth grasshopper development and the rate of forage de-
infestations of large acreages in numerous places withistaiction decrease. The Sevin 4-Oil formulation is rela-
State occur, timing all treatments ideally becomes diffi-tively resistant to removal by rainfall after the spray has
cult. In large outbreak years, malathion may be used dried on the vegetation.
later in the season because earlier treatments were logisti-
cally impossible. Malathion is most often used late in thie two major experiments where Sevin 4-Oil was applied
season for quick control of older grasshoppers when cdo-wet vegetation, mortalities eventually exceeded 90 per-

ditions are hot and dry. cent. Subtle changes have been made in the formulation
of Sevin 4-0il during the last few years, leading up to

Carbaryl today’s Sevin 4-Oil ULV formulation. Along with im-
proved handling characteristics, a trend toward slightly

Carbaryl is the common name for 1-naphthyl higher mortalities has accompanied these improvements.

N-methylcarbamate. It is a broad-spectrum carbamate

insecticide developed by Union Carbide in 1956. Because of the residual activity of the Sevin 4-Oil ULV

Carbaryl is registered for control of a wide variety of ~ formulation, it can generally be selected for use both
insects on fruit and vegetable crops, forests, rangelandsarly and late in the season (third instar to adults). How-
pastures, agricultural premises, poultry houses, horsesgver, care must be taken not to use it against grasshoppers
dogs, cats, and ornamental and lawn plants, and indootbat are within a few days of laying eggs because the in-
Carbaryl demonstrates low to moderate toxicity to mansects may lay eggs before dying.

mals (acute oral L) of technical material on white

albino rats, 500 mg/kg), low toxicity to birds, and modefJse of carbaryl spray against small hot-spots may not be
ate toxicity to fish, but extreme toxicity to aquatic inver-advantageous if quick migration from the treated area is
tebrates. It is extremely toxic to many insects, includingxpected. However, if additional acres adjacent to the
bees and all species of grasshoppers.
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hot-spots are treated, use of carbaryl could be acceptaibtgestion. When the types of mortalities are separated in

especially if additional hatch is predicted. experiments, ingestion results in greater mortality (Foster
et al. 1984).

As circumstances dictate, the 0.5-Al dose may be used

for older instars and mature grasshoppers. The 0.375-K soil, acephate is readily degraded through biological

dose may be used where younger stages of grasshoppacsivity: its half life is about 11 days in soils with mois-

are present and early treatment can be accomplished dure levels and organic content comparable to those in the

when lower or economically marginal densities of West and Midwest. Residual activity against grasshop-

grasshoppers exist. pers is intermediate, between that of malathion and car-
baryl. Some activity can be seen for up to 10 days, but

Where dense vegetation or difficult topography requiresnost mortality occurs by the fourth day after treatment.

greater coverage, a volume of 20 fluid oz/acre should bé&/hen treatment occurs during good conditions for

used. A total volume-per-acre treatment as low as application, mortality can range from 92 to 94 percent.

15 oz/acre may be used when vegetation is sparse. The

decision can be made only on a case-by-case basis anwViiiy acephate, maximum mortality is reached slower

the local personnel involved. The Sevin—ULV spray forthan with malathion but quicker than with carbaryl.

mulation is typically used under cool conditions in yeardAcephate can be used during warm and dry conditions.

when rain in the treatment area is not unusual. The air temperature for the expected daytime high should
be higher than 7%F, and rain should not be predicted for

Acephate the day of treatment. Because of the longer residual
activity compared to malathion, acephate can be used in

Acephate is the common name for 0,S-dimethyl some cases where the lack of residual activity would be a

acetylphosphoramidothioate, a broad-spectrum organicconcern for malathion. Conditions for acephate’s use

phosphate insecticide developed by Chevron Chemicalmore closely parallel those for malathion than for car-

Co. in 1972. Acephate controls a wide variety of insectearyl. Acephate can be used on small hot-spots where

on several grain and vegetable crops, forests, rangelangime migration is expected and on third-instar to adult

pastures, grass, trees, shrubs, cotton, and ornamentalggrasshoppers, provided that most females are not ready to
lay eggs.

Acephate demonstrates low to moderate toxicity to most

terrestrial and aquatic animals, including mammals (acMere is known about the efficacy of lower doses of

oral LD,, of technical material on white albino rats, acephate against grasshoppers than that of low-dose
866 mg/kg). It is highly toxic to many insects, includingmalathion or carbaryl. In some cases, such knowledge
bees and all species of grasshoppers. may allow greater flexibility in selecting lower dosages

to fulfill economic considerations.
While several formulations of the pesticide are available,
only Orthené 75S and Orthene Specialty Concenftate Duration of Control
will be addressed here. For controlling grasshoppers on
rangeland, acephate is typically sprayed at an applicatitvhen landowners or managers consider directly invest-
dose of 0.094 Ib of Al in 32 oz of water, plus an antidrifing money to control grasshoppers on rangeland, one of
additive such as Orthatrol or Nalcotrol (at 9 fl 0z per 10€he major questions is how long control will last follow-
gal of mix) and unsulfured molasses (at 3 percent of théng treatment. The question would not apply if large-
total volume). The addition of unsulfured molasses to teeale outbreaks lasted for only 1 year, but they often last
formulation results in slightly quicker action. Itis several years. The main question of control duration may
unclear whether this is a result of attractance, additiondbe further divided into four basic questions:
protection from photo degradation, increased anti-
evaporation qualities, or a combination of these 1. What are the chances that grasshopper populations will
actions. Control is provided through both contact and remain as high or go higher next year?
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2. If control measures are not applied and grasshoppersan negate, in total or part, the potential for future
remain high, how long are they likely to stay high? benefits:

3. If control is used during an outbreak, how long are the. Reinvasion by flight. This occurrence is a distinct pos-

benefits likely to continue? sibility for highly mobile species lik&lelanoplus
sanguinipeswhich is a major component of infestation

4. What are some things that can jeopardize the lengthinfsome areas, like Arizona (Nerney 1960) or eastern

control expected? Montana (Kemp 1992). However, in other areas, such as
Platte and Goshen counties in Wyomilg,sanguinipes

The answers to these questions vary with where you liveomprised less than 5 percent of infestations that were

and where your acreage is in the outbreak cycle. In thesuppressed for 3 to 6 years by treatments (Pfadt 1977).

past, ranchers with rangeland prone to grasshopper infes-

tations had to base decisions on intuition and experien& .Natural declines in untreated populations. The prob-

Now, particularly with the development of the Grasshopability of this event is 100 percent minus the chances that

per Integrated Pest Management (GHIPM) Project, quanfestation will stay the same or go up.

tifiable data are available to provide a more precise

decisionmaking process. 3. Occurrence of 2-year life cycles at high altitudes.

Kemp (1987) and Lockwood and Kemp (1987) and 4. Extended hatching periods (note that this would be

Lockwood et al. (1988) have published information on aggravated by poor timing of treatment or improper

questions 1 and 2 for some counties of Montana and selection of a short-lived chemical when persistence is

Wyoming. Their data are important. They found that threquired).

likelihood of grasshopper populations staying high or

increasing from 1 year to the next is only about 56 per-5. Ability of survivors to increase rapidly (note that this

cent in Garfield County, MT, but 96 percent in Johnsonwould be aggravated by low levels of control).

County, WY. In the absence of control, high populations

are likely to stay high for 2.25 years in Gallatin County,6. Failure to treat infested areas in their entirety (note

MT, but up to 23 years in Sheridan County, WY. that APHIS prefers to treat entire infestations and has
special provisions to allow such treatment).

Blickenstaff et al. (1974) and Pfadt and Hardy (1987)

provided important clues to “best case scenario” answersany one particular case, protection beyond the year of

to the question of control duration. In a study of the timeeatment depends on where in the outbreak cycle

interval between treatment and required retreatment of (buildup or decline) the program is conducted. If control

1,200,000 acres of Wyoming rangeland, Blickenstaff's tactics are not initiated until the populations are on the

team reported an average retreatment rate of 3.8 perceseecrease, then protection is limited to the year of treat-

per year. In other words, about 96 percent of the treatadent because the population would be of no concern the

area probably enjoyed benefits for only 1 year, 92 perceeit year (smaller or negligible population because of the

for 2 years, and 81 percent likely received some benefitontinuing decrease). However, many large-scale treat-

for at least 5 years. Similarly, Pfadt and Hardy (1987) ments occur during the early or middle years of an out-

reported at least partial protection of treated range for break. In these cases, multiple years of protection are

3 to 6 years after treatment. expected and usually realized.

The above reports establish beyond doubt that the conConclusions

cept of multiple-year benefits is valid in some large coop-

erative programs conducted by State and Federal Traditionally, the use of chemical sprays against grass-
personnel. Such benefits are not guaranteed. hoppers on rangeland has been that of a corrective tool.
Blickenstaff et al. (1974) reported six mechanisms that Sprays were used against grasshoppers in outbreak crisis
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situations as a last resort where the objective was to cdreckwood, J. A.; Kemp, W. P. 1987. Probabilities of rangeland grass-
trol the greatest number of grasshoppers. hopper outbreaks in Wyoming counties. Bull. B-896: Laramie, WY:
University of Wyoming and Wyoming Agricultural Experiment

. . Station. 17 p.

With the development of the integrated pest manage-
ment approach and the emerging technologies resultingockwood, J. A.; Kemp, W. P.; Onsager, J. A. 1988. Long-term,
from the GHIPM Project, chemical sprays are positioneldrge-scale effects of insecticidal control on rangeland grasshopper

for an expanded role in controlling grasshoppers. This populations (Orthoptera: Acrididae). Journal of Economic Entomol-
new role will be preventive as well as corrective. Gras$9Y 81: 1258-1264.
hopper treatments should be considered while popula- Lioyd, J. E.: Pfadt, R. E.: Ali, M. 1974. Manner of pickup of ULV

tions are building. T_he historical mindset was one carbaryl byAulocara elliottifrom aerially sprayed rangeland. Journal
where managers waited for the pests to reach outbreakof Economic Entomology 67: 596-597.

numbers before anything was done. In the future, the o ' .

use of chemical sprays will be integrated with other Maas, W. 1971. ULV application and formulation techniques.

strategies, such as managed livestock grazing and tre \msterdam, Netherlands: N. V. Phillips-Duphar, Crop Protection
' . ) ivision. 164 p.

ment of hot-spots for reducing damaging and outbreak- P

threatening populations of grasshoppers. Nerney, N. J. 1960. Grasshopper damage on short-grass rangeland at
the San Carlos Apache Indian Reservation, Arizona. Journal of Eco-

While enjoying an expanded role, the traditional use of nomic Entomology 53: 640-646.

sprays in emergencies probably never will be elimi- _
Parker, J. R. 1952. Grasshoppers. In: Insects: the Yearbook of Agri-

nated. Chemical sprays are but one weapon in the flgh(;[ulture, 1952. Washington, DC: U.S. Department of Agriculture:

against grasshoppers, and pesticides will remain as ansgs_goa.

excellent insurance against damaging populations that

require immediate attention in the form of fast-acting Pfadt, R. E. 1977. Some aspects of the ecology of grasshopper popula-

chemical control. tions inhabiting the short grass plains. Tech. Bull. 310: St. Paul, MN:
Minnesota Agricultural Experiment Station: 73—79.
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